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Abstract. Imidazolium cations are promising for anion exchange membranes, and
electrochemical applications and gas capture. They can be chemically modified in many ways
including halogenation. Halogenation possibilities of the imidazole ring constitute a particular
interest. This work investigates fluorination and chlorination reactions of all symmetrically non-
equivalent sites of the imidazolium cation. Halogenation of all carbon atoms is
thermodynamically permitted. Out of these, the most favorable site is the first methylene group
of the alkyl chain. In turn, the least favorable site is carbon of the imidazole ring. Temperature
dependence of enthalpy, entropy, and Gibbs free energy at 1 bar is discussed. The reported
results provide an important guidance in functionalization of ionic liquids in search of task-
specific compounds.
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Introduction
Imidazolium-based ionic liquids (ILs) remain at the spotlight of chemists and physicists
for last years.1 These ILs are actively investigated for applications in electrochemical devices,
gas capture and anionic membranes.2-7 The imidazolium cations can be coupled with many
organic and inorganic anions to provide reasonable tuning of their physical chemical properties.8-
15 Apart from that, the imidazolium cation can be modified chemically. For instance, manifold
functional groups can be grafted to the alkyl chains, as well as length of these chains can be
tuned. The ethyl, butyl, hexyl, octyl, decyl chains are widely explored around the world.12,15,16
Addition of a single methylene group results in a significant shear viscosity increase and melting
or glassy temperature adjustment. Asymmetric chains of the IL cations play an important role in
prohibiting their crystallization, because an energetically favorable crystalline structure becomes
impossible.
Halogenation is a well-recognized pathway to modify properties of organic compounds.
Many representatives of the family of chlorinated hydrocarbons are omnipresent in chemical
laboratories as organic solvents. Fluorination and subsequent polymerization of ethylene resulted
in polytetrafluoroethylene, the best known commercial brand of which is Teflon. Carbon fluoride
is an extremely stable gas with a low boiling point. It is sometimes used as a low temperature
refrigerant. Due to its physical properties, carbon tetrafluoride does not deplete ozone layer and
contributes to the greenhouse effect. Halogenation changes interaction sites of the compound.
For instance, fluorination or chlorination of the imidazole ring will prohibit hydrogen bonding
with the applicable anions and molecular cosolvents. This would have drastic consequences on
the derivative ILs, such as different shear viscosity and different phase behavior. Fluorination of
the hydrocarbon chains is also interesting, since it allows to obtain even more asymmetric
cations and less favorable crystalline arrangements.
Almantariotis and coworkers17 reported solubility and thermodynamics of solvation of
carbon dioxide uptake by the imidazolium-based ionic liquids, 1-octyl-3-methylimidazolium
bis[trifluorosulfonyl]imide (TFSI), 1-decyl-3-methylimidazolium TFSI and 1-
(3,3,4,4,5,5,6,6,7,7,8,8,8)-tridecafluorooctyl)-3-methylimidazolium TFSI. The properties were
determined experimentally at atmospheric pressure and between 298 and 343 K. According to
the authors, carbon dioxide solubility is systematically higher in the fluorinated ionic liquid.
Carbon dioxide solubility is also higher in the imidazolium IL with a longer hydrocarbon chain.
Note, however, that no fluorination of the imidazole ring was performed in this work.
 Carvalho and coworkers18 support the claim that adsorption of sour gases can be
adjusted by fluorination of ILs. These authors considered gas-liquid equilibrium of 1-butyl-3-
methylimidazolium acetate 1-butyl-3-methylimidazolium trifluoroacetate with carbon dioxide at
temperature up to 363 K and external pressures up to 76 MPa. Both anions exhibit a
simultaneous interaction of the two oxygen atoms of the carboxylate group with CO2. However,
acetate acts as a stronger Lewis base than trifluoroacetate. This was confirmed by ab initio
calculations using the reliable electron-correlation post-Hartree-Fock method.
Wang and coworkers19 synthesized novel hydrophobic ILs having performed partial
substitution of chlorine and fluorine in the 1-butyl-3-methylimidazoolium cation, C8N2H15, via
direct chlorine gas treatment and potassium fluoride, respectively. The following two compounds
were characterized, [C8H(12.28)Cl(0.96)F(1.76)N2] chloride and [C8H(12.75)Cl(1.58)F(0.67)N2]
hexafluorophosphate. According to these authors, chlorination mainly takes place in the
imidazole ring and in the methyl group of the butyl chain. Shear viscosity and hydrophobicity of
both halogenated derivatives increased greatly, while the decomposition temperature decreased
to certain extent.
This work investigates halogenation (fluorination and chlorination) of the imidazolium-
based ILs from the thermodynamics perspective. We identify five chemically non-equivalent
prospective halogenation sites in the 1-ethyl-3-methylimidazolium cation. Not only halogenation
of side hydrocarbon chains was considered, but also halogenation of the imidazole ring was
probed. The substitutional halogenation was shown to be thermodynamically permitted in all
cases, whereas fluorination appeared much more energetically favorable than chlorination.
 Highly accurate gas-phase ab initio coupled cluster electronic structure calculations were
used to obtain molecular partition functions, which can be further processed to obtain
thermodynamics quantities, such as enthalpy, entropy, free energy of reaction and their
temperature dependences. Demand for thermodynamics data far exceeds current capabilities of
the available experimental measurements. Numerical techniques to estimate gas-phase
thermodynamics are able to provide certain assistance, that appears of great help for scheduling
proper chemical syntheses and interpretation of the already generated experimental data.
Methodology
This work reports enthalpy H, entropy S, and Gibbs free energy G for the halogenation
reactions involving imidazolium cation. Temperature dependences of each thermodynamics
potential are discussed over the range between 200 and 500 K. Note that imidazolium cations are
thermally rather stable, whereas thermal decomposition of imidazolium-based ILs normally
starts from the anion.
Ab initio calculations do not directly produce enthalpies of formation or any other
thermochemical functions. Instead, they produce total molecular energies and optimized
electronic structures. The total potential energy is negative and represents changes upon
assembling a particle from multiple nuclei and electrons. Entropies, heat capacities, and other
quantities are derived from the computed molecular partition function using equations of
statistical mechanics. Enthalpy of formation can be derived by computing the energy change for
selected chemical reaction. All thermodynamics predictions computed in this way correspond to
an ideal gas. The major errors are expected to come from an electronic energy contribution,
therefore electron correlation must be described thoroughly to obtain trustworthy results.
An electronic structure of all systems was optimized using the coupled cluster technique.
Coupled cluster20 is a numerical technique, which is used to describe many-body electronic
systems and belongs to the group of post-Hartree-Fock methods. The molecular orbitals obtained
from conventional one-electron Hartree-Fock calculations are used to construct multi-electron
wave functions by means of exponential cluster operator. This allows to explicitly account for
electron-electron correlations, which are critically important for thermodynamics potentials
derived from an electronic partition function. This method provides highly accurate energies and
consequently molecular geometries. However, the underlying computational cost is much higher
than that of Hartree-Fock density functional theory computations. Coupled cluster cannot be
used for sufficiently large systems, such as periodic supercells. The implementation of coupled
cluster employed in the present work uses single and double substitutions from the Hartree-Fock
determinant. Furthermore, it includes triple excitations non-iteratively.21
The 6-311G Pople-type basis set where polarization and diffuse functions were
supplemented to all atoms was applied. No pseudopotentials were applied. That is, all electrons
were considered explicitly at all calculation steps. The wave function convergence criterion at
every  self-consistent  field  (SCF)  step  was  set  to  10-8 Hartree. No additional techniques to
enhance the convergence were applied. The implementation of the outlined electronic structure
methods in GAMESS22 was employed.
The major approximation beyond the reported data is that these thermodynamics
potentials assume all non-interacting molecules and ions. Strictly speaking, the results apply to
an ideal gas and may, therefore, contain errors depending on the extent that any real condensed-
matter system is not ideal. Furthermore, excited states are not considered, which is unlikely
principal for imidazolium-based ionic liquids where the band gap is fairly large.
Results and Discussion
Figure 1 depicts prospective positions of the halogen substitutions. Positions “CH3”,
“Et”, and “CH2” correspond to alkyl chains, which are grafted to both nitrogen atoms of the
imidazole ring. Positions “CR” and “CW” correspond to the carbon atoms within the imidazole
ring. All these substitution reactions must be doable according to conventional chemical wisdom.
However, it is unclear without a comprehensive numerical analysis, which pathway is more
preferable. Especially, the difference between CR and CW is interesting. Despite essentially
similar positions in the imidazole ring, the hydrogen atom at CR participates in hydrogen
bonding with many anions and polar molecular solvents, whereas the hydrogen atom at CW does
not.
Figure 1. Halogen substitution sites in the imidazolium cation. Carbon atoms are grey,
hydrogen atoms are white, nitrogen atoms are blue, and the halogen (fluorine, chlorine) atom is
red. Five symmetrically non-equivalent carbon atoms are available. As it will be shown below,
these sites are also thermodynamically non-equivalent.
Gibbs free energy change (Figure 2) is an univocal indicator of reaction direction at
constant temperature and pressure. While enthalpy change (Figure 3) is almost completely
dependent on the strength of chemical interactions, free energy change includes an entropic
contribution (Figure 4), which may appear important to help distinguishing between
energetically similar processes.
As anticipated, the imidazolium cation can be easily fluorinated at all carbon atoms. At
300 K, the free energy gain due to fluorination ranges from 519 to 485 kJ mol-1 depending on the
particular substitution site. The process becomes even more energetically favorable as
temperature increases. Temperature increase by 300 K (from 200 to 500 K) results in ca. 14%
increase of the free energy. The most favorable site is the methylene, CH2, group of the ethyl
chain. Next goes the “Et” site, thus, the same alkyl chain is fluorinated. Fluorination of the
methyl group is somewhat less favorable, while fluorination of the “CR” and “CW” sites are
least favorable. The largest difference between prospective fluorination sites at the same
temperature amounts to 9 kJ mol-1. Although this difference is fairly modest, it exceeds kT at any
of the considered temperatures.
Figure 2. Free energy change upon the fluorination reaction of the imidazolium cation,
which takes place via the CH3 (circles), Et (squares), CH2 (triangles up), CW (triangles down),
and CR (diamonds) reaction sites.
Enthalpy change (Figure 3) exhibits the same trend, except that the “CH3” and “Et” sites
go in the inverse order. Indeed, entropy gain (Figure 4) from the fluorination of “Et” is
systematically higher than that from the fluorination of “CH3”. Entropy gain increases as
temperature increases. Overall, both enthalpy change and entropy change suggest that the
considered substitution reaction is thermodynamically permitted.
Figure 3. Enthalpy change upon the fluorination reaction of the imidazolium cation,
which takes place via the CH3 (circles), Et (squares), CH2 (triangles up), CW (triangles down),
and CR (diamonds) reaction sites.
Figure 4. Entropy change upon the fluorination reaction of the imidazolium cation, which
takes place via the CH3 (circles), Et (squares), CH2 (triangles up), CW (triangles down), and CR
(diamonds) reaction sites.
Chlorination is in many aspects similar to fluorination with a correction for the much
higher electronegativity of fluorine and the larger covalent radius of chlorine. Chlorination of
aliphatic and aromatic hydrocarbons is omnipresent in organic synthesis. According to Figure 5,
chlorination of all substitution sites of the imidazolium cation is also possible. Nevertheless, it is
much less energetically favorable, as compared to fluorination. Furthermore, the recorded
temperature dependence is different. Temperature increase is unfavorable for the chlorination in
the case of the “CH3”, “Et”, and “CW” sites. Nearly no temperature dependence is observed in
the case of the “CH2” and “CR” sites.
Figure 5. Free energy change upon the chlorination reaction of the imidazolium cation,
which takes place via the CH3 (circles), Et (squares), CH2 (triangles up), CW (triangles down),
and CR (diamonds) reaction sites.
Specific heat capacity, computed from Figure 6, is notably small for all reactions, which
is a difference from fluorination. Recall that chlorination of hydrocarbons is often
photochemical, although catalytic chlorination is also well-known. Priority of the chlorination
sites is also somewhat different (although not fundamentally) in comparison with fluorination.
The “CW” and “CR” sites become more favorable than the “CH3” site. Chemical background of
this trend in not immediately evident. Contrary to possible expectations, geometry perturbations
of the cation structure are very similar in both the case of fluorination and chlorination. The
distances from the halogen atom to the adjacent nitrogen atom of the imidazole ring are
2.67 Å (fluorination) and 2.69 Å (chlorination). The angles F-C-N and Cl-C-N are close to 110
degrees. Further investigation was performed to provide a satisfactory interpretation of the
observed trend. The methyl group is responsible for maintaining a positive charge of the
imidazole ring. The total electronic charge on CH3 in the thoroughly optimized geometry equals
to +0.39e. The halogen atoms obviously somewhat perturb this electron localization shifting an
excessive charge to the ring. The sum of charges on CH2F is +0.37e, whereas the sum of charges
on CH2Cl is +0.18e. Despite a strong electronegativity of fluorine as an element, its effect in the
CH3 group is inferior to that of chlorine. The same sort of analysis allows to understand the
effect of halogens in the methylene group of another hydrocarbon chain. The sum of non-
modified CH2 equals to +0.23e. Compare this value to +0.10e (CHF) and +0.05e (CHCl). The
difference between CHF and CHCl is smaller than the difference between CH2F and CH2Cl.
Note an excellent coincidence of the present results with the experiment by Wang and
coworkers.19 Chlorination of the imidazole ring and the methyl group occurs in the experiment
and is thermodynamically most favorable in our simulations. For unclear reasons, chlorination of
the methylene groups were not reported by Wang, possibly due to technical difficulties in
identification.
In the considered case of chlorination, free energy of reaction occurs mostly due to the
enthalpy evolution (Figure 6), rather than due to the entropy evolution (Figure 7). The entropy
contribution to the chlorination reaction is generally very modest, which is not the case for
fluorination. That is, thermodynamics of the fluorination and chlorination reactions differ
significantly.
Figure 6. Enthalpy change upon the chlorination reaction of the imidazolium cation,
which takes place via the CH3 (circles), Et (squares), CH2 (triangles up), CW (triangles down),
and CR (diamonds) reaction sites.
The  entropy  decreases  upon  chlorination  (Figure  7),  except  for  chlorination  of  CH2 at
high temperatures, 400-500 K. The entropy alteration becomes more positive as temperature of
reaction increases, although still remains negative in most investigated cases. Since the entropy
change is small, chlorination is determined by the enthalpy factor.
Figure 7. Entropy change upon the chlorination reaction of the imidazolium cation, which
takes place via the CH3 (circles), Et (squares), CH2 (triangles up), CW (triangles down), and CR
(diamonds) reaction sites.
In an attempt to understand the atomistic background of the observed thermodynamics
potentials, Table 1 summarizes partial electron charges of hydrogen, fluorine and chlorine atoms
at the equivalent sites of the imidazolium cation. These charges were derived according to the
well-known Mulliken scheme. Although being routinely criticized for no physical meaning,
Mulliken charges constitute a straightforward and convenient measure of electron distribution
within a single molecule. These charges should not be used as absolute values in electron units,
but their trends help in understanding of many chemical phenomena, such as those in the present
work. Hydrogen carriers a positive charge at any position within the imidazole cation. The most
electron deficient hydrogen atom, in the pristine imidazolium cation, +0.23e, is linked to the
“CR” site. It is in accordance with hydrogen bonding ability of this cation, which happens
particularly through CR-H and does not happen through CW-H. When fluorination occurs at
“CR”, the partial charge on chlorine becomes -0.10e. In turn, when chlorination occurs, the
partial charge becomes +0.24e. Fluorine significantly perturbs an electronic structure of the
positive charged ring while chlorine does not. The multiplicity of compound remains singlet in
all  cases,  and  the  cation  has  to  maintain  the  +1e  charge.  The  charge  analysis  provides
understanding why the trend exhibited by thermodynamics potentials occurs.
Table 1. Partial electron charges on the investigated reaction sites of the imidazole cation
before substitution (hydrogen) and after substitution (fluorine and chlorine). The change of
partial charges is helpful in understanding thermodynamics potentials
Site Electronic charge, eFluorine Chlorine Hydrogen
CH3 -0.09 +0.24 +0.18
Et -0.16 +0.24 +0.18
CH2 -0.16 +0.17 +0.21
CW -0.11 +0.52 +0.21
CR -0.10 +0.24 +0.23
Conclusions
Thermodynamics of fluorination and chlorination of the imidazolium cation has been
hereby reported. The presented data are based on very accurate ab initio post-Hartree-Fock
calculations using the coupled cluster technique. The results show that all possible substitution
sites in the imidazolium cation undergo favorable halogenation, including those in the
imidazolium ring. The free energy difference between various sites is not drastic, but it exceeds
kT at all investigated temperatures. Halogenation of the alkyl chain appears somewhat more
favorable than halogenation of the imidazole ring. Thus, the alkyl chain will be halogenated first,
unless it is specifically protected beforehand. Fluorination is definitely a more favorable process
than chlorination.
Halogenation of the imidazolium-based ionic liquids constitutes a significant interest,
since  it  would  allow  to  adjust  their  cation-anionic  structure.  For  instance,  halogenation  of  the
acidic hydrogen atom of the imidazole ring, CR-H, would prohibit hydrogen bonding between
the cation and the anion, as well as between the cation and polar solvent molecules. Hydrogen
bonding is an important intermolecular interaction. Its partial or complete absence is able to
drastically change physical chemical properties of the condensed phase. Such chemical
modification is interesting to adjust shear viscosity of ionic liquids (e.g. for electrochemical
applications) and to tune a gas capture behavior of the imidazolium cation.
The derived thermodynamics potentials, strictly speaking, correspond to an ideal gas
approximation, as they are based on the molecular partition functions. Nevertheless, the observed
trends must be useful in planning future functionalization of the imidazolium-based ionic liquids
to develop task-specific compounds.23-26
Acknowledgments
This project is partially funded by CAPES (Brazil). Profs. Eudes Fileti and Thaciana
Malaspina are hereby acknowledged for introduction to the Brazilian research community.
Authors Information
E-mails for correspondence: vvchaban@gmail.com. Tel: +55 12 3309-9573; Fax: +55 12 3921-
8857.
REFERENCES
(1) Chaban, V. V.; Prezhdo, O. V. Ionic and Molecular Liquids: Working Together for Robust
Engineering. Journal of Physical Chemistry Letters 2013, 4, 1423-1431.
(2) Lin, B. C.; Dong, H. L.; Li, Y. Y.; Si, Z. H.; Gu, F. L.; Yan, F. Alkaline Stable C2-Substituted
Imidazolium-Based Anion-Exchange Membranes. Chemistry of Materials 2013, 25, 1858-1867.
(3) Kurnia, K. A.; Sintra, T. E.; Neves, C. M. S. S.; Shimizu, K.; Lopes, J. N. C.; Goncalves, F.; Ventura, S.
P. M.; Freire, M. G.; Santos, L. M. N. B. F.; Coutinho, J. A. P. The Effect of the Cation Alkyl Chain
Branching on Mutual Solubilities with Water and Toxicities. Physical Chemistry Chemical Physics 2014,
16, 19952-19963.
(4) Li, Z. Y.; Liu, H. T.; Liu, Y.; He, P.; Li, J. H. A Room-Temperature Ionic-Liquid-Templated Proton-
Conducting Gelatinous Electrolyte. Journal of Physical Chemistry B 2004, 108, 17512-17518.
(5) Tariq, M.; Forte, P. A. S.; Gomes, M. F. C.; Lopes, J. N. C.; Rebelo, L. P. N. Densities and Refractive
Indices of Imidazolium- and Phosphonium-Based Ionic Liquids: Effect of Temperature, Alkyl Chain
Length, and Anion. Journal of Chemical Thermodynamics 2009, 41, 790-798.
(6) Hantal, G.; Voroshylova, I.; Cordeiro, M. N. D. S.; Jorge, M. A Systematic Molecular Simulation
Study of Ionic Liquid Surfaces Using Intrinsic Analysis Methods. Physical Chemistry Chemical Physics
2012, 14, 5200-5213.
(7) Rojas, M. F.; Bernard, F. L.; Aquino, A.; Borges, J.; Dalla Vecchia, F.; Menezes, S.; Ligabue, R.;
Einloft, S. Poly(Ionic Liquid)S as Efficient Catalyst in Transformation of Co2 to Cyclic Carbonate. Journal
of Molecular Catalysis A-Chemical 2014, 392, 83-88.
(8) Fileti, E. E.; Chaban, V. V. Imidazolium Ionic Liquid Helps to Disperse Fullerenes in Water. Journal
of Physical Chemistry Letters 2014, 5, 1795-1800.
(9) Emel'yanenko, V. N.; Zaitsau, D. H.; Verevkin, S. P.; Heintz, A.; Voss, K.; Schulz, A. Vaporization
and Formation Enthalpies of 1-Alkyl-3-Methylimidazolium Tricyanomethanides. Journal of Physical
Chemistry B 2011, 115, 11712-11717.
(10) Chaban, V. Hydrogen Fluoride Capture by Imidazolium Acetate Ionic Liquid. Chemical Physics
Letters 2015, 625, 110-115.
(11) Izgorodina, E. I.; Maganti, R.; Armel, V.; Dean, P. M.; Pringle, J. M.; Seddon, K. R.; MacFarlane, D.
R. Understanding the Effect of the C2 Proton in Promoting Low Viscosities and High Conductivities in
Imidazolium-Based Ionic Liquids: Part I. Weakly Coordinating Anions. Journal of Physical Chemistry B
2011, 115, 14688-14697.
(12) Li, H.; Endres, F.; Atkin, R. Effect of Alkyl Chain Length and Anion Species on the Interfacial
Nanostructure of Ionic Liquids at the Au(111)-Ionic Liquid Interface as a Function of Potential. Physical
Chemistry Chemical Physics 2013, 15, 14624-14633.
(13) Bica, K.; Deetlefs, M.; Schroder, C.; Seddon, K. R. Polarisabilities of Alkylimidazolium Ionic
Liquids. Physical Chemistry Chemical Physics 2013, 15, 2703-2711.
(14) Chaban, V. V.; Prezhdo, O. V. How Toxic Are Ionic Liquid/Acetonitrile Mixtures? Journal of
Physical Chemistry Letters 2011, 2, 2499-2503.
(15) Takamuku, T.; Shimomura, T.; Sadakane, K.; Koga, M.; Seto, H. Aggregation of 1-Dodecyl-3-
Methylimidazolium Nitrate in Water and Benzene Studied by Sans and H-1 Nmr. Physical Chemistry
Chemical Physics 2012, 14, 11070-11080.
(16) Chaban, V. V.; Voroshyloya, I. V.; Kalugin, O. N.; Prezhdo, O. V. Acetonitrile Boosts Conductivity
of Imidazolium Ionic Liquids. Journal of Physical Chemistry B 2012, 116, 7719-7727.
(17) Almantariotis, D.; Gefflaut, T.; Padua, A. A. H.; Coxam, J. Y.; Gomes, M. F. C. Effect of Fluorination
and Size of the Alkyl Side-Chain on the Solubility of Carbon Dioxide in 1-Alkyl-3-Methylimidazolium
Bis(Trifluoromethylsulfonyl)Amide Ionic Liquids. Journal of Physical Chemistry B 2010, 114, 3608-3617.
(18) Carvalho, P. J.; Alvarez, V. H.; Schroder, B.; Gil, A. M.; Marrucho, I. M.; Aznar, M.; Santos, L. M. N.
B. F.; Coutinho, J. A. P. Specific Solvation Interactions of Co2 on Acetate and Trifluoroacetate
Imidazolium Based Ionic Liquids at High Pressures. Journal of Physical Chemistry B 2009, 113, 6803-6812.
(19) Tan, K. L.; Li, C. X.; Meng, H.; Wang, Z. H. Improvement of Hydrophobicity of Ionic Liquids by
Partial Chlorination and Fluorination of the Cation. Chinese Journal of Chemistry 2009, 27, 174-178.
(20) Cizek, J. Origins of Coupled Cluster Technique for Atoms and Molecules. Theoretica Chimica Acta
1991, 80, 91-94.
(21) Pople, J. A.; Headgordon, M.; Raghavachari, K. Quadratic Configuration-Interaction - a General
Technique for Determining Electron Correlation Energies. Journal of Chemical Physics 1987, 87, 5968-
5975.
(22) Schmidt, M. W.; Baldridge, K. K.; Boatz, J. A.; Elbert, S. T.; Gordon, M. S.; Jensen, J. H.; Koseki, S.;
Matsunaga, N.; Nguyen, K. A.; Su, S. J.et al. General Atomic and Molecular Electronic-Structure System.
Journal of Computational Chemistry 1993, 14, 1347-1363.
(23) Chiappe, C.; Pomelli, C. S.; Rajamani, S. Influence of Structural Variations in Cationic and Anionic
Moieties on the Polarity of Ionic Liquids. Journal of Physical Chemistry B 2011, 115, 9653-9661.
(24) Pensado, A. S.; Gomes, M. F. C.; Lopes, J. N. C.; Malfreyt, P.; Padua, A. A. H. Effect of Alkyl Chain
Length and Hydroxyl Group Functionalization on the Surface Properties of Imidazolium Ionic Liquids.
Physical Chemistry Chemical Physics 2011, 13, 13518-13526.
(25) Fei, Z. F.; Ang, W. H.; Zhao, D. B.; Scopelliti, R.; Zvereva, E. E.; Katsyuba, S. A.; Dyson, P. J.
Revisiting Ether-Derivatized Imidazolium-Based Ionic Liquids. Journal of Physical Chemistry B 2007, 111,
10095-10108.
(26) Niedermeyer, H.; Ab Rani, M. A.; Lickiss, P. D.; Hallett, J. P.; Welton, T.; White, A. J. P.; Hunt, P. A.
Understanding Siloxane Functionalised Ionic Liquids. Physical Chemistry Chemical Physics 2010, 12,
2018-2029.
